Vegetation changes were investigated by pollen analysis of forest soils under a temperate mixed forest in the southwestern part of the Tsurugi Mountains, Shikoku, Japan. The two soil profiles recorded vegetation changes that were caused by cutting practices on a large scale in the early Meiji period (the late 19th century). The previous vegetation type appears to have been an Abies firma-Tsuga sieboldii forest containing various broad-leaved trees, although Abies firma and Betula grossa are dominant in the present-day vegetation.
. Empirical investigations of pollen/plant abundance relationship in closed forests have been conducted by several researchers (e. g. Andersen, 1970 Andersen, , 1974 Bradshaw, 1981 a; Heide and Bradshaw, 1982) , and modern pollen abundance was found to be linearly related to plant abundance within 20 to 30m. These investigations prompted ecologists to consider conducting pollen analyses of hollow deposits or mor-humus from forest sites in order to examine quantitative reconstruction of former vegetation on a fine spatial scale (e. g. Bradshaw, 1981 b; Mitchell, 1988;  Bradshaw and Zackrisson, 1990) . Pollen assemblages in forest mor-humus recorded secondary succession after disturbance and gap-phase dynamics (Iversen, 1969; Bradshaw, 1988; Bradshaw and Miller, 1988) .
Although the above-mentioned studies concerning pollen representations in closed forests did not compare pollen and plant abundance in a much larger area (>50 to 100m sampling distance), theoretical studies by Prentice (1985 Prentice ( , 1988 and Sugita (1993 Sugita ( , 1994 were instrumental et al. April 2000 in clarifying pollen/plant abundance relationships and pollen source areas. Based on the Prentice-Sugita model, the pollen source area in forest hollows having a canopy opening was within 50 to 100m from the edge of the forest hollows (Sugita, 1994) . Calcote (Havinga, 1971 (Havinga, , 1984 and can be vertically disturbed by soil fauna (Walch et al., 1970; Havinga, 1963 Havinga, , 1974 Arakane, 1972; Dimbleby, 1985 ; Kawamuro and Torii, 1986; Yamanaka et al., 1996) . All samples (2 to 3g in weight) were prepared for pollen analysis by the following treatments: hot 10% KOH; separation using saturated ZnCl2; Erdman's acetolysis; suspension in glycerin jelly. Before these treatments, soil samples from the B layer were prepared using 40% HF.
More than 400 arboreal pollen grains were counted from each sample. The pollen and spore percentages were calculated using the Table 1. sum of arboreal pollen types. 3. Tree surveys in the study stand For all trees more than 1.3m in height, diameter at breast height (DBH) and tree height were measured.
In addition, for all trees more than 10m in height, the crown projection areas were also measured (Fig. 2 ).
III. Results
1. Tree census data in the study stand Table 1 shows species composition, DBH distribution, and basal area (BA) of the stand. Abies firma and Betula grossa predominated in the stand.
The DBH distribution of Abies firma differed from that of Betula grossa. The DBH size of Abies firma had a wide range of between 0 and 80cm, whereas that of Betula grossa was concentrated at between 10 and 40 cm. A bies firma had many saplings for which DBH<30cm.
As shown in Figure 2 , this stand has a dense canopy layer.
The forest floor was dense with Sasamorpha borealis, except in the valley floor area.
2. Pollen diagrams of P1 and P2 profiles Pollen diagrams of P1 and P2, with schematic representations of the soil profiles, are shown in Figures 3 and 4 , respectively. Soil descriptions of both of the profiles are shown in Table   2 .
The qualitative pollen records between two soil profiles differed, but included groups of pollen types with similar patterns of percentage values from each point.
Pollen diagram of the P1 profile At P1, Quercus (subgen. Quercus) and Betula were the most abundant pollen types throughout the profile (Fig. 3) existing at percentages of 2 to 12% except at a few samples, whereas in the soil surface these pollen were less abundant.
In the Al to Bib layer of the P2 profile, Alnus pollen was dominant, reaching 20 to 40%. In contrast, this pollen type made up less than 6% of the entire P1 profile. The distribution patterns of fern spores at P 2 were similar to those at P1 and these spore types had values of 20 to 45% in the lower part of the B layer.
IV. Discussion
According to the photomicroscopic observation by Munaut (1967) , fossil pollen in forest soils is locked up in humus aggregates, and therefore do not freely move through the profiles.
Havinga (1963, 1974) and Dimbleby (1985) suggested (Havinga, 1971 (Havinga, , 1984 . Acer, Carpinus and Alnus pollen, which are relatively susceptible to decay in leaf mould (Havinga, 1971 (Havinga, , 1984 , were wellpreserved throughout the soil profiles of the present study site (Miyake and Nakagoshi, 1998 (Figs. 2 and 3) . Judging from the annual ring analyses of other trees of this species, this tree may be over 400 years old, however a part of the core sample of this tree was decayed.
In contrast, the Acer, Zelkova, Ilex and Araliaceae pollen found in the P1 profile, and the Acer, Zelkova, Aesculus, Pterocarya and Araliaceae pollen of P2 comprised only a few percent in the L to F layers, and increased toward the lower layers (Figs. 3 and 4 ). At present, there are few trees which produce these pollen types, at least within a 30m radius from each sampling point. Thus, these pollen and spore types are evidently identified as ancient elements. Although fern spores have greater resistance to decay than several types of pollen (Havinga, 1964 (Havinga, , 1971 (Havinga, , 1984 Miyake and Nakagoshi, 1998) (Erdman, 1969; Heide and Bradshaw, 1982; Jackson and Wong, 1994; Calcote, 1995) . Thus, the relatively high percentages of Acer pollen in the lower layer of the soils suggest that this tree may have been one of the dominants in this stand.
Abies and Tsuga pollen did not exist in high percentages in the lower part of the soils. However, Abies firma and Tsuga sieboldii may also have been abundant in the past, because these trees are major components in a remnant of old-growth forest which has not been disturbed by logging.
Betula grossa, which is a pioneer species and produces large quantities of seed that are dispersed over long distances (Tabata, 1966) , could rapidly invade and grow in this stand after cutting.
At P2, Alnus (probably, Alnus hirsuta) and Betula trees could invade in the open area at the same stage after disturbance by logging. Alnus hirsuta could mature and be able to flower more rapidly than Betula grossa in the canopy layer (Fig. 4) . Alnus hirsuta, however, has been declining for several decades (perhaps 50 to 100 yrs) after being logged, because this tree is short-lived. The low percentage of A lnus pollen at P1 further suggests that this species was locally dominant at P2 (Figs. 3 and 4) . The patch size of Betula grossa covering P2 may reflect the past gap size. The regeneration processes of Alnus seem to depend on a large gap such as this. Abies firma, a tree which is useless as fuelwood, was able to regenerate due to its large seed reservoir.
The growth process of Prunus jamasakura could not be elucidated, because Prunus pollen made up a very small percent of the soil profiles (Figs. 3 and 4) .
At present, several Abies firma seedlings and saplings are present in this stand, but no Betula grossa seedlings or saplings were found (Table 1) . This suggests that an Abies firma-Betula grossa forest is changing into an Abies firma-Tsuga sieboldii forest that will define the climax stage of the forest in this area (Yamanaka, 1961 (Yamanaka, , 1975 
